The aim of preoperative fasting is to ensure a relatively empty stomach, thereby minimizing the risk of aspiration of gastric contents during induction and emergence from general anaesthesia. 1 Pulmonary aspiration of gastric contents is now rare, a consequence not onlyof preoperative fasting but also of modern anaesthetic techniques. Preoperative fasting regimens have therefore become increasingly liberal, such that the ingestion of clear fluids is now encouraged until 2 h before elective surgery. 2 3 Enhanced recovery programmes similarly encourage strategies such as preoperative nutrition and hydration. 4 The currently acceptable preoperative clear fluids include water, black tea/coffee, and pulpless fruit juices. The traditional 2 h fast, to allow clear fluids to empty from the stomach, is relatively conservative as 250-300 ml of water should leave the stomach in ,30-60 min. 5 In the UK, 165 million cups of tea are drunk each day, 98% of which are drunk with milk, 6 suggesting that tea with milk is generally preferable than black tea.
However, no studies have defined a safe volume of milk that can be added to hot drinks consumed before an operation. Hence, when the European guidelines on preoperative fasting were published in 2011, no clear advice could be given on this issue. 2 We postulated that the addition of a volume of milk, similar to that typically added to hot clear drinks such as tea or coffee, would not hinder gastric emptying. If confirmed, current preoperative fasting guidelines could then be extended to allow patients to consume tea/coffee with milk before an operation. In this study, gastric emptying was measured by the paracetamol absorption technique and by serial real-time ultrasound (RUS) measurements of the gastric antral cross-sectional area.
Ethics Committee 2, and was conducted between November 2011 and January 2012. After completion of written informed consent, 10 healthy volunteers were entered into this randomized controlled crossover trial. Exclusion criteria included: medical conditions with a predisposition to delayed gastric emptying (e.g. diabetes or gastric disease), ingestion of paracetamol within the previous 24 h, ingestion of solids or non-clear liquids in the previous 6 h, and ingestion of clear liquids in the previous 2 h. Each participant took part in both arms of the trial, drinking black tea and tea with milk, the order of which was determined by a computerized random number generator and concealed from the investigators by opaque brown paper envelopes. In each arm of the study, the procedure was as follows. The subject sat in a semi-reclined position at a 458 angle, a 16 g i.v. cannula was sited in an upper limb, and baseline blood samples were obtained. The initial cross-sectional area of the gastric antrum was then measured by ultrasound (MicroMaxx C60e/5-2 MHz Probe, Sonosite, Inc., Bothel, Washington, DC, USA). The investigating anaesthetist then left the room, the subject opened their randomization envelope and drank, as directed, either 300 ml of black tea or 300 ml of tea with milk (250 ml black tea plus 50 ml of full fat milk) over 3 min, followed by 1.5 g of dispersible paracetamol dissolved in 30 ml of water.
Venous blood samples were obtained every 10 min for the first hour, then every 30 min until 150 min had elapsed. Each sample was obtained after aspirating and discarding a 5-10 ml waste blank. Paracetamol concentrations in each sample were measured using an enzymatic assay on the ADVIA 2400 analyser (Siemens Healthcare Diagnostic, Frimley, Surrey, UK), which had a sensitivity of 1 mg litre 21 and a daily coefficient variation of ,5%. The peak paracetamol concentration (C max ) and time to peak concentration (t max ) were thus determined. Values were plotted against time to calculate the area under the curve (AUC) at 60, 90, 120, and 150 min; and to infinity by the cubic spline method. The cross-sectional surface area (CSA) of the gastric antrum was measured by ultrasound in RUS at baseline, every 10 min for 60 min and then at 30 min intervals for 150 min. These measurements were performed by two of the investigators who had been trained by a radiologist specializing in abdominal ultrasound. The CSAwas calculated as described previously, 7 by determining the maximal anteroposterior (D1) and longitudinal diameter (D2) in the sagittal plane. For every time point, three measurements were taken of D1 and D2 and the average values used in the following formula to calculate the antral CSA.
A consistently reproducible position for scanning the gastric antrum was achieved using the abdominal aorta and left lobe of the liver as anatomical landmarks, as detailed in earlier studies. 8 9 Antral CSA was plotted against time and gastric emptying expressed as half-time to gastric emptying (T 1/2 ). This was defined as the time from baseline to the time the gastric antrum returns to half the maximal value (CSA 1/2 max ), 7 with CSA 1/2 max calculated as below:
Statistics
The primary outcome was t max . Previous studies have shown the mean or median t max values for paracetamol to vary from 25 to 60 min after ingestion of clear fluids, with standard deviation up to 38 min. 10 11 In this study, we considered that a delay of gastric emptying of under 60 min would not be clinically important; and that we would be able to declare that the two regimes were equivalent if the (two sided) 95% confidence interval (CI) for the mean difference (MD) in t max , between black tea and tea with milk included only times ,60 min. Using these assumptions and taking (pessimistically) a correlation between repeated measurements of 0.0, power analysis 12 determined nine participants would be required (with 90% power) to show equivalence. Power will be greater if there is a positive correlation. A 95% CI for the MD in t max that lay entirely within 60 min of no effect would confirm the hypothesis that tea with milk was clinically equivalent to black tea.
For each subject, the AUC of the paracetamol concentration was estimated as the weighted average of all measurements up to 150 min, following standard procedures. 13 Since this time point was somewhat arbitrary, sensitivityanalysis also considered AUCvalues calculated for all measurements up to 60, 90, and 120 min, and linear extrapolation of the curve to final elimination, to confirm that changing the basis of the test did not change the result. The AUC of the drug concentration is a standard summary score used in many circumstances. A single value is calculated for each subject under each condition across all time points, as described by Matthews and colleagues. 14 Treatment effects for all continuous outcomes were estimated using linear regression, correcting for the order of presentation; standard errors were adjusted for repeated observations using robust standard errors. 15 Analysis was conducted using Stata (StataCorp, College Station, TX, USA), version 11.2. The secondary outcome was the RUS-determined T 1/2 . For this, no clinically important difference was pre-specified.
Results
Ten participants (five males, five females) consented to, enrolled, and completed the study; their characteristics are given in Table 1 . It was possible to measure the CSA of the gastric antrum in both arms of the study in nine of the subjects. Does adding milk to tea delay gastric emptying?
It was difficult to visualize the gastric antrum in one participant after drinking both black tea and tea with milk; this subject was therefore excluded in the final analysis of the US data. Figure 1 illustrates a typical image generated during the study. The interval between the two test days ranged from 1 to 42 days. All 10 subjects were able to provide a complete data set for assessment of paracetamol levels. Figure 2 shows the results of the mean plasma paracetamol concentrations plotted against time, indicating that there was little difference in gastric emptying after drinking either black tea or tea with milk. Further analysis of these data (Table 2) yielded a MD in t max in favour of tea with milk, of 28 min (95% CI of 223.1 to 7.1), demonstrating non-inferiority of gastric emptying for tea with milk when compared with black tea. The result remains essentially the same if the basis of comparison is only the first 60, 90, or 120 min; or if the curve is extrapolated to infinity.
The difference in the gastric emptying times assessed using RUS was not significant. The geometric mean T 1/2 after drinking black tea was 22.7 (95% CI 12.7 -40.9) min and after tea with milk 23.6 (95% CI 13.5 -41.0) min (ratio 1.04) (95% CI 0.47 -2.29). After drinking black tea or tea with milk, the mean antral CSA returned to below baseline values within 90 min, as shown in Figure 3 .
Discussion
The current ASA preoperative fasting guidelines state that 'It is appropriate to fast from intake of a light meal or nonhuman milk 6 h or more before elective procedures requiring general anesthesia, regional anesthesia, or sedation/analgesia (i.e., monitored anesthesia care)'. 'Because nonhuman milk is similar to solids in gastric emptying time, the amount ingested must be considered when determining an appropriate fasting period'. 3 The recent ESA guidelines did not reach a firm conclusion about the addition of milk to tea/coffee, noting that no studies had examined this practice specifically. 2 Milky drinks have traditionally been discouraged because of their high fat and protein content, which can delay gastric emptying. 16 The main practical and clinical issue is the need to differentiate between a drink containing a modest quantity of milk (15 -20% of the total volume) and a drink consisting almost exclusively of milk. Unfortunately, the current situation is such that surgery is often postponed or even cancelled because the patient admitted to drinking tea/coffee with some milk. Ironically, enhanced recovery programmes are now followed by many surgical disciplines, in particular colorectal surgery, where high carbohydrate drinks are consumed within 2 h of surgery, the aim being to mitigate the patient's metabolic response to surgery. While allowing tea/coffee with milk to be consumed before an operation is unlikely to alter the metabolic response, it might improve patient satisfaction and wellbeing and reduce unnecessary cancellations of surgery. The physiology and time scale of gastric emptying of solids mandates a preoperative fasting time of at least 6 h. The same is not true for clear liquids, which leave the stomach exponentially with 90% of the ingested volume being emptied within 1 h. 17 18 It is uncertain why a long period of fasting from liquids was ever introduced into clinical practice. However, at a time when pulmonary aspiration was one of the leading causes of anaesthetic mortality, a publication suggesting that a gastric volume of .0.4 ml kg 21 with a pH ,2.5 placed patients at a greater risk of pulmonary aspiration became widely accepted. 18 This claim was later found to be based on an experiment in one rhesus monkey in whom acid had been instilled into the right bronchus, 19 but later studies indicated that larger volumes were required to produce a significant pneumonitis. 20 Subsequent studies on preoperative fasting found no difference in gastric residual volume and pH in patients (adults and children) who had been fasted from midnight or only for 2-3 h before to surgery. 21 22 Many of these studies on preoperative fasting were performed in Canada. Communication with one of the authors of these studies (R. Maltby) revealed that they did examine the addition of milk to tea/coffee and found no statistical difference in residual gastric volume between the milk and no milk groups. However, these results were omitted in their publications on gastric fluid volume and pH in elective patients receiving preoperative oral fluids, because the numbers were small and patients had not been randomized to these subgroups. 23 24 A further study, in which patients fasted overnight or were given a breakfast of tea/coffee with milk and buttered toast 2-4 h before surgery, demonstrated no difference in pH and volume of the gastric contents aspirated through a nasogastric tube. 25 Arguably, it might have been difficult to aspirate toast through a nasogastric tube, but the results will have been valid for the emptying of the liquid phase of the meal. In the context of this study, it is not surprising therefore that we failed to demonstrate a difference between gastric emptying of black tea or tea with a modest quantity of milk. The severity of pulmonary aspiration correlates with gastric volume, pH, and the presence of particles in the aspirate. 26 Neither the volume nor the pH of the gastric contents was measured in this study. However, it can be presumed that the stomach would be relatively empty after an overnight fast. Since this study demonstrated that the stomach had returned to a similar size 60-120 min after consuming black tea or tea with milk, it can be assumed that the stomach was again relatively empty by that time. These results could possibly be extended to obese patients as healthy, fasting, obese subjects have a similar gastric volume and pH to lean subjects. 27 28 While the situation in obstetrics might be considered to be more complex, Wong and colleagues 10 29 demonstrated that the gastric emptying of both 50 and 300 ml of water is not delayed in either normal or obese parturients at term. Therefore, it is likely that the emptying of tea with milk would not be delayed at term. Both gastroenterologists and anaesthetists use the paracetamol absorption technique to evaluate gastric emptying of liquids. The technique is based on the assumption that, as paracetamol is absorbed almost exclusively from the small intestine, its rate of appearance in the systemic circulation will reflect the rate of gastric emptying. The safety and simplicity of the technique make it acceptable to patients/volunteers when they are asked to take part in a study. The reliability of the paracetamol absorption technique is also well established and has been shown to correlate significantly with scintigraphically measured gastric emptying time, the acknowledged 'gold standard technique' for measuring gastric emptying. 30 31 The indices used for measuring gastric emptying include pharmacokinetic parameters such as the maximum concentration (C max ), the time it occurs (t max ), and the area under the time concentration curve (AUC t ). It is known that there is significant between-subject variation in the absorption, distribution, and Table 2 Paracetamol pharmacokinetics. Data are mean (SD) and as MD, between tea with milk and black tea (95% CI). AUC 150 , area under the curve from 0 to 150 min; C max , maximum plasma concentration; t max , time to maximum plasma concentration. *The AUC is the weighted average of all measured paracetamol concentrations during the 150 min of observation; the weightings depending on the spacing between observations Does adding milk to tea delay gastric emptying?
elimination of paracetamol, whereas the intra-subject variation is minimal. Therefore, crossover studies, such as the present one, are useful to minimize the inter-subject variation in absorption, distribution, and elimination. 32 The frequency of blood sampling is important with this technique and a higher sampling frequency has been shown to result in a significantly higher C max and an earlier identification of the start of the elimination phase. Sampling every 10 min for the first hour is needed to identify the initial phase of emptying. Reassuringly, the results of the measured parameters in our study are similar to those in other studies of a similar design. 10 11 One participant had a baseline paracetamol concentration of 3 mg ml 21 on the first occasion. When questioned after the assay results were available, she agreed that she had taken a headache remedy the evening before the study, which she had not thought to contain paracetamol. As the level was extremely low and a significant time had elapsed since ingestion, we considered it appropriate to include her results in the final analysis.
In the studies that lead to the liberalization of preoperative fasting, gastric volume was usually determined by measuring the volume of aspirated gastric contents shortly after the induction of general anaesthesia. In a study in which the emptying of a caloric liquid meal was evaluated with the paracetamol absorption technique, the total contents of the stomach were aspirated after 45 min, the estimated time point at which most subjects would have emptied between 40% and 60% of the meal. 33 This estimation proved to be correct as the median percentage emptied at 45 min was close to 50%. This study demonstrated both the accuracy of the paracetamol absorption technique for measuring gastric emptying and in addition highlighted the importance of ongoing gastric secretion, as the volume ingested and the volume aspirated after 45 min were similar. This suggests that assessing the rate of emptying by changes in gastric volume, for example, by RUS may not give an entirely accurate picture of the gastric volume/secretion/ emptying interaction. Thus, using two methods to estimate gastric emptying should improve overall assessment of the process of gastric emptying. RUS is another very useful non-invasive technique for measuring gastric emptying. Its advantage is that it is relatively easy to perform, is acceptable to patients, and avoids both gastric intubation and exposure to radiation. It has been shown that for volumes up to 300 ml, measurements of the CSA of a single section of the gastric antrum reflect the intragastric volume. 34 The accuracy of RUS has been validated against gold standard techniques such as scintigraphy. 16 35 In one early study comparing scintigraphy and RUS, they were equally effective in evaluating liquid gastric emptying, demonstrating that saline emptied significantly faster than semi-skimmed milk (1.8% fat). 16 More recently, it has been suggested that twodimensional ultrasonography is sufficiently sensitive to be used as a bedside test to determine gastric content and volume before emergency surgery. 36 This observational study in 183 patients, undergoing either elective or emergency surgery, measured the antral CSA immediately before induction of anaesthesia. After tracheal intubation, an 18 Fr multiorifice Salem tube was inserted into the stomach and the contents were aspirated during the ensuing 15 min. There was a significant positive correlation between the antral CSA and the aspirated gastric volume. The correlation coefficient was 0.72 (P,0.0001). However, in our study, the relatively wide CI for the effect of the intervention on the half-life for stomach emptying demonstrates the difficulty of accurately estimating this quantity, particularly given the relatively small changes in stomach volume involved. Position is known to affect the rate of gastric emptying, in particular the left lateral position has been shown to delay gastric emptying relative to the right. 37 These studies were performed in the semi-upright position as necessitated by RUS measurements and is the position in which oral fluids are normally consumed.
The results of this study in healthy volunteers support our hypothesis that the addition of a small to moderate volume of full fat milk to tea/coffee would not significantly delay gastric emptying. There was no significant difference in the mean maximum concentration of paracetamol (C max ) and mean time maximum concentration (t max ) between black tea and tea with milk. In addition, RUS measurements showed that at 60 min, the stomach had returned to a size similar to that before the drink was consumed. This suggests that current preoperative fasting guidelines, which recommend only black tea/ coffee before surgery, could be altered to allow patients to add a modest quantity of milk (up to 50 ml) to these drinks. Full fat (4%) milk was used in this study, but in today's health conscious world, it is likely that most people drink tea/coffee with semiskimmed milk (1.8-2% fat) and that the emptying profile of tea with semi-skimmed/skimmed milk will be similar to that seen in this study. Limitations of this study are that it was performed in healthy volunteers with presumed normal gastric emptying. None were obese and the presumed anxiety that may accompany the wait for surgery was not an issue. Therefore, further observational studies are required to verify the safety of allowing patients to consume tea/coffee with milk before elective surgery. 
